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STATUS OF HIGH POWER TECHNOLOGY 
FOR EDUCATIONAL SA!LT3LEITES 
by Perry W. Kuhns 
Nat ional  Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohi o 
The increas ing  d e s i r e  t o  answer t h e  educat ional  needs of a i l  segTrei?l e 
of t h e  population w i l l  n e c e s s i t a t e  a  broader based communications S J S T e D ?  
t o  allow t h e  f u l l e s t  d i s t r i b u t i o n  of our educat ional  resources,  T h f s  new 
communications system w i l l  r equ i re  a d d i t i o n a l  terminals ,  more i n t e r c o J x i e c ~ l a ~  
and more f requencies  than  a r e  p resen t ly  i n  use. 
I f  a  cos t  t rade-off  ana lys i s  i s  made of space communication systems 
involving many e a r t h  te rminals  t h e  optimum point  tends  toward t h e  bse 3f 
higher  t ransmission power. More f requencies  means t h e  need f o r  be-cter 
frequency u t i l i z a t i o n  and t h e  extension of technology t o  s t i l l  higlier 
frequencies.  To extend t h e  use fu l  l i f e  of such high power systems r ? q u i ~ c s  
t h e  development of new spacecraf t  technologies and new technologies an :he 
ground. 
'New space communication technologies have been demonstrated b j  NASA 
before using Syncom, and t h e  ATS s e r i e s  of s a t e l l i t e s .  I n  the  f u c m e  -the 
technology necessary f o r  t h e  new communications w i l l  be demonstrated b~ 
ATS-F and G, and f u t u r e  Applicat ions Technology S a t e l l i t e s .  
The f u t u r e  ope ra t iona l  high power s a t e l l i t e s  w i l l  be of a d i f f c r e l ~  
form than t h e  present  sp in  s t a b i l i z e d  communication s a t e l l i t e s .  TLCJ L - -  
be a c t i v e l y  s t a b i l i z e d  and have an e a r t h  poin t ing  body con ta in l lg  c ;E i;gn 
power t ransmi t te r ,  i t s  support ing subsystems and t h e  e a r t h  pointing :rbe-il?<4s 
Deployed from t h i s  body and "rotat ing 'bonce a day t o  face  t h e  rim -ic;;~ be 
t h e  high power s o l a r  a r r a y  "wingsf9 ( f i g u r e  1). 
LOW COST RECEIVERS 
The f i r s t  concern of anyone wishing t o  i n i t i a t e  widespread 32 broad 
c a s t  systems f o r  educat ion i s  t o  es t imate  t h e  c h a r a c t e r i s t i c s  and c ,s t s  
of t h e  r ece ive r  systems, a s  t h i s  i n  t u r n  may determine t o  a  laugz excznt 
t h e  f e a s i b i l i t y  of t h e  system, NASA Lewis Research Center i s  a t  pr?eelzi 
supporting s t u d i e s  t o  determine these  f a c t o r s  and t o  f a b r i c a t e  severE- 
rece ivers .  The s t u d i e s  consider  a low cos t  r ece ive r  system a s  shcvw- ;n 
f i g u r e  2. The incoming r f  s i g n a l  i s  mixed down t o  an I F  frequency, anpl; f4 I , 
and demodulated t o  a baseband t e l e v i s i o n  signal .  This s i g n a l  i n  r L r s  1 s  
mixed up t o  t h e  frequency of a t e l e v i s i o n  Vllil;" channel and sent  t o  t h e  
t e l e v i s i o n  s e t .  Systems having low noise pre-amplif icat ion using tu-li-iei 
diodes are  a l s o  being considered i n  the  s tudies .  One design develsped a t  
Stanford Universi ty has a l l  the  e lec t ron ics  packaged i n  t h e  feed af the  
antenna, This p a r t i c u l a r  receiver  was developed f o r  FM t e l e v i e l a l ~  r ecep4 io  L 
a t  2,62 GHz0 
Another approach s tudied f o r  NASA by General E l e c t r i c  divldes rrle 
receiver  i n t o  antenna and indoor u-nits, a s  shown by t h e  dashed l i w ~  1 2  
f igure  2, I n  t h i s  study u n i t s  a re  being designed and f a b r i c a t e 5  f o ~  2 . 2 5  
and l2 .0  GHz FM and 2.25 GEz AM t e l e v i s i o n  reception. 
I n  addi t ion  t o  these  two s tudies ,  s tud ies  of r ece ive rs  a% 8d3 C ' ~ : - L  
have taken place a t  o ther  NASA centers  and i n  p r iva te  industry,  Using 
a l l  these  s tud ies  a s  a bas is ,  t h e  manufacturing costa given i n  Tab le  I 
have been estimated, Also shown i n  t h e  t a b l e  are  t h e  t y p i c a l  ranges ~f 
estimated s a t e l l i t e  EIRP per  channel. These EIRP l e v e l s  a re  dependent 
upon receiver  antenna s i z e  and p ic tu re  qual i ty .  It should be emphaeized 
t h a t  these  a re  manufacturing costs .  The cost  t o  the  consumer wlbl be "to 
t o  four  times higher than shown: 
Estimated Receiver Manufacturing Costs and Transmitter Power R e q ~ l  " reren?  : 
Cost/ Receiver f o r  Quant i ty  Manufactured Estimated EPRP, d5W 
700 Mz-FM, Mixer $m $25 55-60 
2 - 5  GEz-FM, Mixer $45 $25 54- 60 
12,O GEz-FI4, Mixer $85 $a 62-68 
Added TDA Preamp $75 2 $@2 1/2 - 1/5 ~f a 5 ~ e  Receiving Antenna LO - 15D 7-10D , where D (diameter)  is sn meter 
I n  the  bas ic  r ece ive r  cos t s  shown abou% l / 5  i s  f o r  labor  and aia3~*+ 
415 i s  f o r  par ts .  One item, the  l o c a l  o s c f l l a t o r  diode, a c c ~ ~ ~ q C , s  f i r  ~ l b a  r 
l / 6  of the  bas ic  receiver  cost .  
The cos ts  can only be considered a s  approximate, as  s o l i d  s t a t e  C ~ T I  
ponent cos ts  are  very sens i t ive  t o  the  demands of t h e  t o t a l  marke~,  f3r 
example: t h e  1972 manufacturing cos t s  which were estimated In the  f s z l  OP 
1969 were met i n  t h e  f a l l  of 1970, due t o  t h e  lowered cos t s  of 63153 ~ : 8 : e  
components. 
3 
5 By 1975 t h e  rece ive r  cos t s  f o r  volumes of 10 a r e  expected t~ ID<- A/ 2 
t o  3/4 of %he cos t s  i n  Table I, depending upon t h e  srart"r-ng dsr-e 3f 
production, 
NARROW P&-D SEAFED TRA?TSYISSIUfi BEDPIS 
The EYRP l e v e l s  given i x  Table I w i l l  be obtained wi:?g a 
of high power r r ansmi t fe r s  and spot  o r  shaped beams, 
The demands f o r  more s a t e l l i t e  cowmc~z.~ications chasineBs a r-3~ p w 2 r  
may place unbearable burdens upon %he s o l a r  power r e q u i r e m e z t ~  A 1, 
requirements f o r  o r b i t  sharing unless more d i r e c t i v e  antemas a r e  O S C X  " 3 
beam t h e  rad io  frequency power t o  the  areas  of i r t e r e s t ,  
At low frequencies the  antenna, type contemplated i s  bes(t ei~~erirp-if d 
by t h e  9 meter parabola of AYSS-T and G ( f i g u r e  3 ) ,  This antensa w - s -  bc 
used i n  an experimental t ransmission of Fhij t e l e v i s i o n  programirlg f x  
educational  program d i s t r i b u t i o n  and community reception i n  l l i i s ,  A- "lie 
frequency of operat ion of %he I n d i a  experiment((850 1 ~ d z )  the  b-arr, b* :vie 
ha l f  power contour covers -nos$ of t h e  country, A t  2 , s  GHz used fsr expef- t~  
m e n t a t i ~ n  i n  t h i s  country t h e  beam w i l l  cover a m u l t i s t a t e  area* ,kecdu6~+ 
of t h e  veyy l a rge  s i z e  of t h i s  antenna it must be folded t o  f i t  tns iafi7-n 
shroud, En t h i s  case it i s  done by wrapping $he mesh swpportlng rlS-> ar3ln:J 
t h e  cen te r  hub, 
A t  t ransmission frequencies above 6 G3z i t i s  possfbie t~ heve r ^ , ~ - f  ir."_-- 
1 1  n a r r ~ w  beam antennas without fo ld ing  t h e  package f o r  launch, f a - r ~ i ~  z - &3!ti~ CI 
t h e  transmission of many widely d ispersed  liarrow beams from $'Lie 5 a ~ ~ ,  
spacecraf t  . 
With a simple narrow beam c i r c u l a r  parabolic  antenna only 43 A 
percent of t h e  power radia%ed may reach t h e  a re8  where 5% 4 s  l7eed.e~ A k ~ L :  
i s  due t o  i r r e g u l a r  shapes of areas  ( f i g u r e  4a) and t h e  power c ~ : - t  5 r,2i: 1 1  
t h e  antenma % e m  beyond %he 212 power contour, which i s  %he narr;i&il A J A  
f o r  def in ing beam s i z e  ( f i g u r e  493). It wou%d sppear l o g i c a l  t3 Lse ure, 
antennas which can t h e o r e t i c a l l y  con t ro l  t h e  p a t t e r n  wi th  exa@"iru?p,  
U ~ f o r t u n a t e l y  a t  t h e  present  t h e  a r r a y  antennas of any c ~ m p l e k l 7 - ~  31+2 
comparatively heavy and lossy,  e spec ia l ly  e t  t h e  higher f reque?Aei lc ,  
An a r ray  such as  %he mechanical3_y s t ee rab le  S-band planar  arrLj ~~s t .7  
on Surveg-or, had an a ,per twe 3% inches square and a beamid" .~. f  j f i - A /  2 
degrees and was designed f o r  maximum aper ture  e f f i c i ency ,  Uuf13rtu:iar, c J  J* 
maxfmm aper ture  e f f i c i ency  a l s o  means high s ide  lobes a-=ld the  ~ ~ S F - I D , ~ . ~  J 
of in te r fe rence  with o ther  s y s t e m ,  
A t  frequencies below 2 GHz the  use of a deployable ar ray of solld 
s t a t e  t r ansmi t t e r s  supported by a fo ldable  t r u s s  s t ruc tu re  looks promising, 
For higher frequencies, a t  t h i s  time, a considerable s ac r i f i c e  in power 
and weight must be made t o  obtain the  operat ional  f l e x i b i l i t y  t h a t  goes 
with an e lec t ron ica l ly  s teerable  a r ray  concept. 
Another beam shaping technique i s  t o  use aux i l i a ry  low power rad ia to rs  
on the  back of the  feed and on the  parabola edge t o  cancel out lobes 
adjacent t o  the  main beam caused by aperture blockage and edge d4Pfra~tio3~ 
This technique has been demonstrated and has lowered the  adjacent s i ae  
lobe l eve l s  some 4Q dB below the  l e v e l  of the  main beam center .  
A very promising beam shaping approach i s  t o  use an aperture feed 
which i s  a matrix of horns whose phase and amplitudes can be adjusted t o  
obtain a more des i rable  pattern.  This type of feed i s  reLatively large  and 
can s i gn i f i c an t l y  block a parabolic antenna aperture. To avoid b b o e k ~ ~ g  
the  aper ture  the  feed may be used with a l ens  o r  an o f f s e t  fed parabola 
i s  used. An example of using a lens  i s  the  LES-7 antenna which would 
consis t  of a 19 horn c lu s t e r  feeding a waveguide lens  of 75 em diameter, 
The antenna pa t t e rn  s ize  can be varied from 3 degrees t o  hemisphere 
coverage by using a combiner switch. The o f f s e t  f ed  parabola approach, 
s imi lar  t o  the  antenna used on t he  ANIK s a t e l l i t e ,  i s  now under study by 
NASA as  pa r t  of the  M E  program f o r  possible use i n  fu tu re  applicatfoxs 
s a t e l l i t e s .  The advantages of t he  use of such a matrix of small beams 
a r e  two fold.  When covering an i r r egu l a r  area  such as  the  Eastern Tune 
Zone o r  Alaska up t o  5 dB i n  power savings can be obtained using such 
approaches ins tead of a simple c i r cu l a r  beam ( f igure  5) .  I n  addii ion 
one spot beam i n  the  matrix can be ra i sed  t o  a higher power l e v e l  t o  
overcome momentary outage i n  a region due t o  ra in ,  t o  r e l ay  the  program 
t o  some intermediate ground s t a t i o n  a t  a higher s igna l  t o  noise ra t i3 ,  
o r  t o  receive s igna l s  from small uplink terminals. Unfortunateiy a t  + h i s  
time both the  lens  and the  o f f s e t  fed  parabola exhibi t  s l igh' t ly high+ 
s ide  lobes than can be obtained using a simple s ingle  center  fed  palsI~3la ,  
There w i l l  of course a l so  be added losses  due t o  switching, split"r:i?g, and 
phasing of the  various feeds. 
What i s  apparent i s  t h a t  t o  obtain f l e x i b i l i t y  i n  communica'cions 
some s ac r i f i c e  w i l l  have t o  be made i n  the  ef f ic iency of power delivery,  
True system ef f i c iency  i s  a combination of both. 
HIGH EFFICIENCY TWSMITTERS 
Today present space qua l i f i ed  devices f o r  t r ansmi t t e r s  are  Zimlted t o  
power l eve l s  below 100 watts  and e f f i c i enc i e s  below 30 percent. Not caLy 
must fu ture  operating power be considerably higher but the  older  low 
eff ic iency l eve l s  w i l l  be unacceptable f o r  high power space use as  x h ~ s e  
low e f f i c i enc i e s  would make many proposed space system d i f f i c u l t  t o  justify 
technical ly  o r  economically. 
I n  most of the  tube types considered f o r  high power space applzca- 
t ions ,  cross f i e l d  ampl i f iers  (CFA), t r ave l ing  wave tubes (TWT), and 
klystrons,  only a pa r t  (30 t o  50 percent)  of the  energy i n  the e l e c t r a ?  
beam i s  converted t o  radio  frequency energy, The r e s t  of the  energy 1 s  
converted i n to  heat  when the  high veloci ty  e lec t rons  s t r i k e  the  col2eef-or 
end of the  tube. When the  e lect rons  a re  accelerated from the  eath3de 
they are  almost of one velocity, but  a t  the  ex i t ,  o r  coT1ector end, tiej 
are  of many ve loc i t i e s  due t o  the  in te rac t ion  between t he  radio  -Sreq,c~cg 
power and the  e lec t ron  beam, I f  the  various veloci ty  c lasses  of elec"r;??-i.r- 
present i n  the  spent beam are  sor ted  out and each c lass  slowed dawn sna 
caught a t  zero velocity,  t h i s  beam energy i s  not l o s t  t o  the  sgishin 2 s  
heat  but  would become po t en t i a l  e l e c t r i c a l  energy. The e f f i c iency  zf the  
tube i s  g rea t ly  increased as  t h i s  spent beam power i s  used t o  energize 
the  beam as  it leaves the  cathode, NASA i s  developing the  "multistage 
depressed co l lec to rss  which does jus t  t h i s  (Figure 6).  Experimental 
measurements taken with t he  co l l ec to r  shown i n  f igure  7, which was aevelop- 
ed a t  the  NASA Lewis Research Center, indicate  t h a t  t h i s  type of collect3im 
w i l l  r e s u l t  i n  60 t o  80 percent of the  spent beam power being col lec ted 
a s  useful  e l e c t r i c a l  energy. This high co l lec to r  e f f i c iency  w i l l  r e s u l t  i a  
tubes with overa l l  e f f i c i enc i e s  i n  excess of 70 percent a t  ki lowatts  of 
output power. This co l l ec t ion  method not only means a higher ~axrimii~n 
eff ic iency but a g rea te r  f l e x i b i l i t y  i n  operation. 
A high e f f i c iency  ampl i f ier  tube using the multistage depressec; 
co l l ec to r  concept w i l l  be the  hear t  of t he  12 GHz t ransmi t t e r  experiment 
on t he  jo int  Canadian-United S ta tes  Communication Technology S a t e l l i r e  t~ 
be launched i n  1974. This tube w i l l  have the  capab i l i ty  f o r  200 waits  of 
rf power a t  sa tu ra t ion  a t  an eff ic iency g rea te r  than 50 percent, 
Following upon t he  development of t h i s  t r ansmi t t e r  demonstra~ion a - d  
with the  present ly  projected development, it i s  estimated t h a t  a very 
high e f f i c iency  tube of a power l e v e l  of 1 kilowatt  o r  g rea te r  a t  a 
frequency of 12 GHz can be demonstrated i n  space by 1977. In f u t u r e  Jea rc ,  
a s  work on b e t t e r  cathodes bears f r u i t ,  the  co l l ec to r  concept w i l l  be 
applied t o  higher powers and high frequencies, Then 100 watts  a t  42 Gl3z 
and 50 percent e f f i c iency  may be a t ta ined.  
HIGH POWER SOLAR A R M S  
The large  quan t i t i e s  of e l e c t r i c a l  power necessary t o  operate ehe 
high power t ransmi t t e r s  w i l l  be supplied by so l a r  c e l l s  u n t i l  such -c:me 
i n  the  d i s t an t  fu tu re  when nuclear power supplies become competitive lr 
cost ,  weight, r e l i a b i l i t y  and safety.  There has been a considerable 
amount of study devoted t o  the  problem of reducing the  weight af la rge  
so l a r  arrays.  The so l a r  ar rays  developed under NASA and A i r  Foree 
support consis t  of standard so l a r  c e l l s  mounted on a t h i n  f l ex ib l e  
sheet  which i s  supported by extendable booms. Pr io r  t o  deploymex-t ?be 
ar ray  i s  folded o r  r o l l ed  up on a drum. The FUSRA 2.5 kw array of **his 
t.ype developed f o r  the  A i r  Force w i l l  be demonstrated i n  space i n  1972- 
A more advanced form w i l l  be used t o  power the  CTS s a t e l l i t e  i n  L914, 
IKFORMATION STORAGE AND RETRIEVAL 
The techniques of information storage and r e t r i e v a l  have 13 she pas: 
year o r  so a t  NASA come t o  be re fe r red  t o  as  "information networking', 
a ca tch-a l l  phrase which includes the  system optimization and the  
tecniques of ge t t ing  information from one place t o  another, or, sirnp3~1, 
communication. 
One area  of concern t o  NASA and the  Department of Health, Education 
and Welfare ( F E W )  i s  t o  make avai lable  t o  doctors everywhere in the  Uaite13. 
S ta tes  the  medical information a t  the  medical l i b r a r i e s  and the  i n f o r r n a t i x  
i n  pa r t i cu l a r  f i e l d s  which i s  now avai lable  only t o  physicians i n  tne 
l a rge r  teaching hosp i ta l s  i n  metropolitan areas. 
I n  the  f i e l d  of education s imi lar  needs have a l so  been investigated,  
Some segments of t he  educational  community have proposed a number of 
schemes which use modern communication techniques including the  extensive 
use of t e l ev i s i on  programming and computer aided ins t ruct ion.  To use 
e i t h e r  of these  techniques t o  t h e i r  f u l l e s t  capacity requires  extensive 
storage and r e t r i e v a l  systems. 
Methods have been developed f o r  high speed contact dup l iea t i a r  of 
video tapes  which can produce f i v e  simultaneous copies r e su l t i ng  i n  a b 9 c  
30 copies per hour from one machine. This i s  done by contact duplicac,:~n 
from a master i n  t he  presence of a magnetic f i e l d .  Methods have beer] 
developed f o r  recording color programming on t h i n  f i lm  by exec-tro-optical 
methods. The system uses a high resolut ion f i lm  with side-by-side frames, 
The master i s  produced using e lect ron beam recording. The copies aye 
produced by high speed op t i c a l  contact pr in t ing.  It has been estimated 
t h a t  a half-hour color program, on a car t r idge the  s ize  of an 8 mm movie 
f i l m  reel ,  w i l l  cos t  l e s s  than t e n  do l la r s .  Systems such as  these can 
make the  l o c a l  t e l ev i s i on  program l i b r a r y  an economic r e a l i t y ,  
I n  r u r a l  areas o r  i n  remote regions where extensive equipment 1s 
unavailable the  teacher could use scheduled programs broadcast t o  her via 
s a t e l l i t e  o r  use demand access communication systems, The scheduled 
programs would a l s o  be received and recorded i n  the  metropolitan areas 
having l i b r a ry  systems. A s a t e l l i t e  would thus a c t  as a broadcasder and 
as a d i s t r i bu to r .  
FFGQUENCIES AND SHARING 
The pol i t ica l - technological  decisions reached a t  the  World 
Administrative Radio Conference i n  June and Ju ly  of t h i s  year have 
done much t o  br ing t he  thinking of s a t e l l i t e  broadcast t o  some exten-c 
down t o  ear th .  Abthough the  f u l l  potent of these decisions i s  not 
ye t  determined we do know t h a t  s a t e l l i t e  broadcasting o r  high power 
s a t e l l i t e  transmission w i l l  have t o  operate under severe f l ux  density 
l imi ta t ions  a t  620-790 MHz and a t  2500 t o  2690 MHz and share w i t h  
t e r r e s t r i a l  communications systems a t  these  frequencies. Also a t  
2500-2690 MHz and 11.7 t o  12.2 GHz the  high power systems must share 
the  o r b i t  frequency bands wholly o r  i n  pa r t  with much lower powered 
Fixed Service s a t e l l i t e s .  
A t  620-790 MHz FM t e l ev i s i on  from space t o  community receivers 
i n  most t r o p i c a l  areas w i l l  not i n t e r f e r e  with AM-VSB t e l ev i s i on  
broadcasting i n  Europe, Japan o r  t he  United S ta tes  i f  d i r e c t i ve  
transmission antennas a re  used and t he  s ide  lobes a re  kept a t  a IOW 
leve l .  High power t e r r e s t r i a l  t e l ev i s i on  broadcasting can i n t e r f e r e  
with space broadcast reception as  much as  500 km from the  t e r r e s t r i a l  
s t a t i o n  unless precautions a re  taken t o  sh ie ld  the  community receiver ,  
Discussion concerning t he  use of t h i s  frequency band may be considered 
somewhat academic as  it has been made f a i r l y  c l e a r  t h a t  these  frequeneier 
w i l l  not be used i n  the  United S t a t e s  f o r  the  purpose of broadcasting 
from space. 
A t  2500-2690 MHz, FM t e l ev i s i on  from space f o r  community receptloa 
i n  t r o p i c a l  areas  w i l l  not i n t e r f e r e  with t roposca t t e r  systems i n  Europe 
and North America unless the  s c a t t e r  system points  almost d i r e c t l y  a t  the 
s a t e l l i t e  and no attempt i s  made t o  lower t he  s a t e l l i t e  antenna s ide  
lobes. FM t e l ev i s i on  from space f o r  educational  purposes w i l l  not i3"-r- 
f e r e  with the  ITFS systems used i n  the  United States,  on the  contrary 
the  ITFS system w i l l  i n t e r f e r e  with t he  s a t e l l i t e  reception ou"c-f;o the 
t e r r e s t r i a l  system horizon unless shielding precautions a re  taken, Usiszg 
demonstrated techniques f o r  near s ide  lobe reduction t he  f i e l d  s t rength  
beyond the  main lobe can be reduced such t h a t  the  l eve l s  w i l l  be within 
t he  f l u x  densi ty  l i m i t s .  
A t  12 GHz, space FM t e l ev i s i on  transmission f o r  community reception 
w i l l  not i n t e r f e r e  with s ingle  hop t e l ev i s i on  systems commonly used a t  
these  frequencies except if both systems are  operating a t  g rea te r  than 
about 60 degrees l a t i t ude .  The t e r r e s t r i a l  systems w i l l  not i n t e r f e r e  
with the  space broadcast reception unless the  space receiver  i s  i n  l i n e  
with and pointed r i g h t  a t  the  t e r r e s t r i a l  t r ansmi t t e r  and i s  l e s s  than 
about 10 miles away. 
The necessary spacing between adjacent s a t e l l i t e s  operating ac the 
same frequency, t ransmit t ing a t  the  same power l e v e l  and beaming t c l  
t h e  same area  i s  given i n  f igure  8. The spacing depends upon aritenia 
size,  desired reception quali ty,  and FM modulation index. As the freqixe3c~ 
increases the  receiving antenna d i r e c t i v i t y  increases, allowing f o r  c l ~ s e r  
s a t e l l i t e  spacing. I f  s a t e l l i t e s  a re  deployed within the  orbitbegrnent 
which encompasses t he  North American continent, the  beam width of altexicas 
a t  2500 MHz w i l l  be so wide f o r  antennas l e s s  than 3 meters, "ear f2; 
f u l l y  operational  systems t ransmit t ing t o  a l l  areas of t he  contAserAl 321~ 
one half of the  a l located frequencies may be used i n  each time z3ne 
coverage area. A t  12 GHz the  antenna beam width w f l l  be  sufficient^^^ 
small, even f o r  moderately sized apertures, so a l l  frequencies can be 
used i n  each coverage area. 
Operating space communications systems of d ispara te  power Eeveis and 
receiver  cha r ac t e r i s t i c s  a t  t he  same frequencies and beaming t o  the  same 
o r  adjacent coverage areas creates  f u r t he r  d i f f i c u l t i e s .  It has been 
shown t h a t  a t  2500 MHz there  can be no sharing, under these  terms, between 
the  Broadcasting Service s a t e l l i t e s  and the  t h i n  route Fixed Service 
s a t e l l i t e s .  However they may share the  o r b i t  segment i f  t h e i r  coverage 
areas a re  su f f i c i en t l y  separated. The sharing of the  band 11,7 - 12,2 Gliz  
by Fixed and Broadcasting Service satel l5"cs can r e s u l t  i n  Power freyuency- 
o r b i t  u t i l i z a t i o n  than i f  the  two services had separate frequency a i loca-  
t ions .  The mount of sharing possible depends upon the  allowable orbit 
segment s i z e  and the  method and sequence of s a t e l l i t e  deployment. 
CONCLUSION 
I f  the  present d i rec t ion  of technology continues it w i l l  a i%av P 3 r  
a t rend toward communication system implementation which i s  d i f f e r e ~ i  ;-- 
form from t h a t  which has t r a d i t i o n a l l y  happened. Present systems f ~ i  
the  dissemination of information f o r  education begin i n  the  major ei:,es 
and p o l i t i c a l  cap i ta l s .  The f i r s t  r ec ip ien t s  a re  a few people favored 
economically o r  po l i t i c a l l y .  The system then expands outward and inward 
t o  the  l e s s  advantaged. 
Through the  use of s a t e l l i t e s  t he  system growth t rend  can be c i l f ' f e r e ~ ~ ~  
A s  the  educational  systems are  b r o u g h t i n t o  operation, community reception 
can commence i n  wide spread r u r a l  and remote areas. Through the  use 3f 
information storage and r e t r i eva l ,  education can be avai lable  24  hours, 
7 days a week, Thus the  nation can be served by a system whfcii was 




Figure 1. - Future h igh  power satellite. 
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Figure 2. - Generic block diagram of  converter systems. 
Figure 3. - Application Technology Satell i te and 9 meter antenna. 
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Figure 4. - Comparison of desired power f l u x  densi ty  con tours  and  
actual  power f l u x  densi ty  contours. 

Figure 7. - Depressed collector tube w i th  experimental multistage. 
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Figure 8. - Number of Broadcast Service 
Satell i tes us ing  the same frequency wh ich  
can be deployed i n  a 100 degree longi tudinal  
segment. 
